organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

3,4-Dinitro-1H-pyrazole benzene 0.25- 
solvate 

Yong-Xiang Li, Shan Du and Jian-Long Wang* 

School of Chemical Engineering and Environment, North University of China, 
Taiyuan, People's Republic of China 
Correspondence e-mail: wangjianlong@nuc.edu.cn 

Received 1 1 April 201 1 ; accepted 27 April 201 1 

Key indicators: single-crystal X-ray study; T = 123 K; mean ct(C-C) = 0.007 A; 
R factor = 0.060; wR factor = 0.105; data-to-parameter ratio = 13.9. 



The asymmetric unit of the title compound, 4C3H 2 N20vC 6 H 6 , 
contains two independent dinitropyrazole molecules and half 
a benzene solvent molecule, which lies on a crystallographic 
inversion centre. Each pyrazole ring is essentially planar 
(mean deviations of 0.009 and 0.002 A), with the two nitro 
groups rotated out of the plane [dihedral angles = 11.7 (2)1 
31.1 (1) and 21.8 (2)/25.0 (1)° for the two molecules]. 

Related literature 

For the biological properties of polynitropyrazoles, see: 
Alejandre-Duran et al. (1986); Grigor'ev et al. (1998); Xuan et 
al. (1999). For their detonation properties, see: Keshavarz et al. 
(2007); Zaitsev et al. (2009). For the synthesis, see: Katritzky et 
al. (2005). 




H 



Experimental 

Crystal data 

2C 3 H 2 N 4 O4-0.5C 6 H 5 
M r = 355.23 
Monoclinic, Kj/n 
a = 7.4579 (15) A 
b = 9.787 (2) A 
c = 19.534 (4) A 
p = 94.87 (3)° 

Data collection 

Rigaku R-AXIS RAPID IP 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
T min = 0.957, T m „ = 0.971 



Refinement 

R[F 2 > 2o(F 2 )] -- 
wR(F 2 ) = 0.105 
S = 0.92 
3256 reflections 
235 parameters 
2 restraints 



0.060 



V = 1420.7 (5) A 3 
Z = 4 

Mo Ka radiation 
/x = 0.15 mm -1 
T = 123 K 

0.30 x 0.20 x 0.20 mm 



3454 measured reflections 
3256 independent reflections 
1267 reflections with / > 2a(l) 
R iM = 0.084 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.27 e A~ 3 

Ap mi „ = -0.33 e A~ 3 



Data collection: RAPID-AUTO (Rigaku, 2000); cell refinement 
RAPID-AUTO; data reduction: CrystalStructure (Rigaku, 2000) 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: SHELXTL (Sheldrick, 2008); software used to 
prepare material for publication: SHELXL97. 

The authors thank the China North Industries Group 
Corporation for financial support. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZS2110). 
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Comment 

Polynitropyrazole systems have been investigated extensively because of their biological activity (Alejandre-Duran et al, 
1986; Grigor'ev et al, 1998; Xuan et al, 1999). Recently, these so called "high energy density materials" have attracted 
renewed attention because of their favorable detonation performance (Keshavarz et al, 2007; Zaitsev et al, 2009). As a 
potential candidate, 3,4-dinitropyrazole was synthesized by the nitration of pyrazole (Katritzky et al., 2005). Here we report 
the crystal structure of the title compound, the benzene solvate 4(C3H2N204). CgHg (I). 

In the crystal structure of (I) (Fig. 1), the nitro groups are twisted with respect to the pyrazole plane, making dihedral 



angles of 11.7° (Nl/Ol, 02), 31.1° (N2/03, 04) (molecule A) and 21.8° (N5/05, 06), 25.0° (N6/07, 08) (molecule B). 



The title compound was prepared by the nitrification of pyrazole according to the literature method (Katritzky et al, 2005). 
Single crystals suitable for X-ray diffraction were obtained by evaporation of a solution of the compound in benzene at 
room temperature. 

Refinement 

All H atoms were positioned geometrically and treated as riding, with C — H bond lengths constrained to 0.95 A and (7i S0 (H) 
= 1.2C/ eq (C), and the N— H bond = 0.87 A and t/i S0 (H) = 1.5(7 eq (N). 



Experimental 



Figures 




Fig. 1. The molecular structure of the asymmetric unit of the title compound with the atom 
numbering scheme. The benzene molecule has inversion symmetry [symmetry code (i): -x + 
2, -y, -z]. Hydrogen atoms are omitted and displacement ellipsoids are drawn at the 30% prob- 
ability level. 



3,4-Dinitro-1H-pyrazole benzene 0.25-solvate 



Crystal data 



2C 3 H2N 4 O4-0.5C 6 H 6 



F{0Q0) = 724 

D x = 1.661 MgnT 3 

Mo .fox radiation, X = 0.71073 A 

Cell parameters from 3256 reflections 

6 = 2.1-27.5° 



M r = 355.23 



Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 7.4579 (15) A 
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b = 9.787 (2) A 
c = 19.534 (4) A 
(3 = 94.87 (3)° 
V= 1420.7 (5) A 3 
Z=4 

Data collection 

Rigaku R-AXIS RAPID IP 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 10.00 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 

r min = 0.957, r max = 0.971 

3256 measured reflections 

Refinement 
Refinement on F 
Least-squares matrix: full 

R[F 2 > 20(^)1 = 0.060 

wR(F 2 ) = 0.105 

5 = 0.92 

3256 reflections 

235 parameters 

2 restraints 

Primary atom site location: structure-invariant direct 
methods 



H = 0.15 mm 

T= 123 K 

Block, colorless 

0.30 x 0.20 x 0.20 mm 



3256 independent reflections 

1267 reflections with / > 2c(7) 
R int = 0.084 

^max = 27.5°, 6 m j n — 2.1° 

h = -9^9 
k = -U->12 
1= -25^25 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w=V[o 2 (F 2 ) + (0.P) 2 ] 

where P = (F 0 2 + 2F c 2 )/3 

(A/o) max < 0.001 

Ap max = 0.27 e A~ 3 
Ap min = -0.33eA" 3 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

Extinction coefficient: 0.0081 (6) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > <s{F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


11 */7Y 

^iso ' ^eq 


CI 


n no oo t a\ 
0.966 / (4) 


a 1 nm ^ 

0.1907 (3) 


0.19586 (16) 


0.0327 (8) 


C2 


1.1357 (4) 


0.1088 (4) 


0.19047 (17) 


0.0420 (9) 


tto 

HZ 


1 TCOC 

1.2585 


0.1359 


A 1 ACT 

0.1953 


A ACAsfe 

0.050* 


C3 


0.8410 (4) 


0.1014 (3) 


0.18468 (16) 


0.0289 (8) 


C4 


A CA O £ ( A \ 

0.5086 (4) 


A C C 1 A \ 

0.5510 (3) 


A AAAO/1 /1 *7\ 

0.09984 (1 /) 


A AT O *7 SC\\ 

0.038 / (9) 


C5 


0.3685 (4) 


0.6383 (3) 


0.11466 (16) 


0.0344 (8) 


C6 


0.6606 (4) 


0.6268 (4) 


A 1 AA£"A ( 1 0\ 

0.10959 (18) 


A A r'l O /I I \ 

0.0538 (11) 


H6 


0.7801 


0.5975 


0.1045 


0.065* 


C7 


1.1648 (8) 


A A f 1 C 

0.0615 (7) 


A Al AO C\\ 

0.0108 (2) 


A AAAT ( 1 f \ 

0.0902 (16) 


H7 


1.2790 


0.1045 


0.0180 


A 1 AO sfe 

0.108* 


C8 


1 / 1 1 \ 
1.0067 (11) 


0.1372 (5) 


0.0150 (2) 


n nno i / 1 n\ 

0.0921 (19) 


TTO 

H8 


1.0132 


0.2318 


0.0258 


0.111* 


C9 


0.8469 (8) 


0.0760 (7) 


A A A A A 1 >"\ \ 

0.0040 (2) 


A A O O A ( 1 "7\ 

0.0880 (17) 


H9 


0.7399 


0.1279 


0.0063 


0.106* 


N 1 


r\ nnon //1\ 

0.9970 (4) 


0.3361 (3) 


n one/; c /i A\ 

0.20565 (14) 


0.0409 (7) 


N2 


0.6477 (3) 


n 1 ocn /i"* 

0.1259 (3) 


A 1 C>*7 A 1 /I C^ 

0.18791 (15) 


0.0431 (8) 


N3 


1 AHO 1 /T \ 

1.0721 (3) 


A A 1 n /T \ 

-0.0172 (3) 


A 1 "7 "7 A A ( 1 £"\ 

0.17704 (15) 


A A A 1 C /0\ 

0.0415 (8) 


N4 


r\ oon/C 

0.8896 (3) 


n no a /; t"i\ 

-0.0246 (3) 


n 1 oo o c n i\ 

0.17325 (13) 


n m /c /i /o\ 

0.0364 (7) 


N5 


0.5049 (4) 


n /inoo /o\ 

0.4072 (3) 


n nooo c /1 o\ 

0.08235 (17) 


n nc /i n /n~\ 

0.0540 (9) 


No 


A 1 *7 /I O ^ 

(J.l /48 (3) 


A £ 1 A*7 ^ 

0.6197 (3) 


A 1 A A C /I /I C) 

0.10954 (15) 


A A A 11 /'7\ 

0.0422 (7) 


N7 


0.6079 (4) 


A A ( A\ 

0.7520 (4) 


a 1 nn/" / 1 "t\ 

0.12796 (17) 


0.0533 (9) 


N8 


n /lone /i\ 

0.4295 (3) 


n i /co 1 /o~\ 

0.7621 (3) 


n mn /i A 

0.13217 (14) 


n n/icc /o^ 

0.0455 (8) 


Ol 


1 1 /I f H /I \ 

1.1467 (3) 


0.3853 (3) 


0.22096 (13) 


A ACAT /0\ 

0.0593 (8) 


02 


0.8580 (3) 


0.4027 (3) 


0.19682 (14) 


0.0638 (8) 


03 


0.6020 (3) 


0.2140 (3) 


0.22658 (13) 


0.0616(8) 


04 


0.5471 (3) 


0.0518(3) 


0.15166(14) 


0.0585 (8) 


05 


0.6340 (4) 


0.3642 (3) 


0.05424 (15) 


0.0840 (10) 


06 


0.3762 (4) 


0.3390 (3) 


0.09674(17) 


0.0864 (10) 


07 


0.1130 (3) 


0.5307 (3) 


0.07052 (13) 


0.0636 (8) 


08 


0.0861 (3) 


0.6953 (3) 


0.14284 (14) 


0.0631 (8) 


H7A 


0.684 (5) 


0.820 (4) 


0.127 (3) 


0.17(2)* 


H3 


1.138(3) 


-0.091 (2) 


0.1735 (17) 


0.052 (11)* 



Atomic displacement parameters (A 2 ) 
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C5— C4— N5 130.0 (3) 

N8— C5— C4 111.4(3) 

N8— C5— N6 116.7(3) 

C4— C5— N6 131.7(3) 

N7— C6— C4 106.1 (3) 

N7— C6— H6 127.0 

C4— C6— H6 127.0 

C9 1 — C7— C8 119.4(5) 

C9 S — C7— H7 120.3 

C8— C7— H7 120.3 

C9— C8— C7 119.8(5) 

C9— C8— H8 120.1 

C7— C8— H8 120.1 

C3— CI— C2— N3 0.1 (4) 

Nl— CI— C2— N3 -175.8 (3) 

C2— CI— C3— N4 -0.1 (4) 

Nl— CI— C3— N4 175.4(3) 

C2— CI— C3— N2 175.9 (3) 

Nl— CI— C3— N2 -8.6(6) 

C6— C4— C5— N8 0.5 (4) 

N5— C4— C5— N8 176.4 (4) 

C6— C4— C5— N6 175.6 (3) 

N5— C4— C5— N6 -8.5 (6) 

C5— C4— C6— N7 -1.0(4) 

N5— C4— C6— N7 -177.2 (3) 

C9'— C7— C8— C9 -0.8 (8) 

C7— C8— C9— C7' 0.8 (9) 

C2— CI— Nl— 02 166.3 (3) 

C3— CI— Nl— 02 -8.5 (6) 

C2— CI— Nl— Ol -12.0 (5) 

C3— CI— Nl— Ol 173.2(3) 

N4— C3— N2— 03 146.8 (3) 
Symmetry codes: (i) -x+2, -y, -z. 
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C3— N4— N3 
06— N5— 05 
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05— N5— C4 
08— N6— 07 
08— N6— C5 

07— N6— C5 
N8— N7— C6 
N8— N7— H7A 
C6— N7— H7A 
C5— N8— N7 

CI— C3— N2— 03 
N4— C3— N2— 04 
CI— C3— N2— 04 
CI— C2— N3— N4 
CI— C3— N4— N3 
N2— C3— N4— N3 
C2— N3— N4— C3 
C6— C4— N5— 06 
C5— C4— N5— 06 
C6— C4— N5— 05 
C5— C4— N5— 05 
N8— C5— N6— 08 
C4— C5— N6— 08 
N8— C5— N6— 07 
C4— C5— N6— 07 
C4— C6— N7— N8 
C4— C5— N8— N7 
N6— C5— N8— N7 
C6— N7— N8— C5 



121 (2) 
103.4 (3) 

125.4 (3) 

118.5 (3) 
116.1 (3) 
125.0 (3) 
118.0 (3) 
117.0 (3) 

113.4 (3) 
126 (3) 
119(3) 
103.7 (3) 

-29.0 (5) 
-31.6(4) 

152.5 (3) 
-0.1 (4) 
0.0 (4) 
-176.6(3) 
0.1 (4) 
155.9 (4) 
-19.3 (6) 
-23.7 (5) 

161.0 (3) 
-25.2 (4) 
159.9 (3) 

153.1 (3) 
-21.8(5) 
1.2 (4) 
0.3 (4) 
-175.7(3) 
-0.9 (4) 
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